A portable version of the Glostavent ® anaesthetic machine is described in which recent developments in draw-over technology are incorporated into a traditional draw-over anaesthetic system. The additional features include a more efficient reservoir and an improved vaporiser, which have enhanced the performance and versatility. The portable Glostavent weighs less than 10 kg and is transported in a container the size of a small suitcase. It can be used to provide inhalational anaesthesia safely and economically in situations where there are no support facilities. It is ideal for use in battlefield or disaster situations and in isolated hospitals in disadvantaged regions of the world.
In many parts of the world general anaesthesia is, out of necessity, administered in hazardous conditions, remote locations or areas of limited logistical support. For this to be both effective and safe, the anaesthetist requires an anaesthetic machine that has been specifically designed to cope with the additional problems encountered in these circumstances. For example, the machine must continue to function if the supplies of oxygen or electricity are interrupted or unavailable, and it must deliver an anaesthetic safely in the absence of sophisticated electronic monitors. Furthermore, it should be economical in its consumption of oxygen, as supply routes for oxygen cylinders may be long and hazardous and conservation of oxygen is therefore essential.
The Glostavent ® is an anaesthetic machine designed for use in difficult environments which was described in a recent edition in Anaesthesia and Intensive Care 1 . It combines a draw-over breathing system with an oxygen concentrator and a gas driven ventilator and has been designed for use in remote locations 2 . It has already proved to be very successful in isolated district hospitals in many parts of the developing world [2] [3] [4] [5] [6] .
However, in addition to the problems encountered in those hospitals with limited facilities, anaesthesia is also required in situations where there are no facilities at all. For example, in military and disaster situations, anaesthetists may be entirely dependent on equipment they can carry with them. In isolated rural hospitals electricity and oxygen supplies are often unreliable 7 . The Tri-service anaesthetic machine has filled the role of a portable anaesthesia delivery system for many years and has proved its worth in various fields of conflict and remote locations [8] [9] .
We describe a portable version of the Glostavent machine which incorporates recent innovations in draw-over technology and could be used as a possible successor to the Tri-service machine.
THE PORTABLE GLOSTAVENT
The portable version of the Glostavent (DPA 01) consists of a draw-over breathing circuit with nonrebreathing valves, a Diamedica vaporiser, reservoir bag and self-inflating bag. It is manufactured by Diamedica Ltd, Bratton Fleming, Devon, UK, weighs under 10 kg and fits into a polymer container the size of a small suitcase (42×50×20 cm). The hermetically sealed container is manufactured to a military standard (Defstan 81/41) and is shockproof, waterproof, dust-proof and corrosion-proof ( Figure 1 ).
The container includes a pressure relief valve which is required for air transport. The entire anaesthetic machine, together with sufficient oxygen supply for several hours of anaesthesia, can be easily carried by a single individual. It incorporates all the components required for draw-over anaesthesia, including many of the recent improvements introduced in the Glostavent 9 . The components of the DPA 01 are as follows.
The reservoir
The standard reservoir for draw-over anaesthesia requires an oxygen inlet and an open-ended reservoir to allow oxygen-enriched air to be drawn into the system. In the Tri-service apparatus a length of corrugated tubing is used for the reservoir. In the DPA 01, the corrugated tubing is replaced by a dedicated reservoir unit to reduce the size and increase the effectiveness of the reservoir. The reservoir unit includes a small hollow block of acetal with five openings, one of which is connected to the entry port of the vaporiser, and another that is connected to a 2-litre oxygen reservoir bag ( Figure 2 ). Attached to the other openings are a pressure relief valve (set at 5 cmH 2 O to prevent over distension of the reservoir bag), a non-return valve at the air inlet port to prevent spillage of oxygen into the atmosphere, and a connecting piece for the oxygen supply (cylinder or oxygen concentrator).
This modification of the reservoir unit enables the DPA 01 to be used in either continuous flow or draw-over mode without the need for the breathing circuit to be changed. The mode in use at any given time is determined by the ratio of oxygen flow entering the reservoir and the patient's minute volume leaving the reservoir. The change of mode occurs automatically and requires no intervention by the anaesthetist. Oxygen may be supplied by cylinder or oxygen concentrator (traditional oxygen concentrators have a 4 litres.minute -1 output; high flow concentrators producing 10 litres.minute -1 have become available recently). If the oxygen inflow exceeds the patient's minute volume, the reservoir bag becomes distended, the pressure rises and the flow to the patient becomes continuous. If, on the other hand, the oxygen flow-rate is less than the patient's minute volume, the pressure in the reservoir falls below atmospheric pressure, room air enters the reservoir through the non-return valve and the system operates in draw-over mode.
These modifications to the reservoir unit confer further advantages. First, they increase efficient utilisation of pressurised oxygen supplies. This is achieved by ensuring that the reservoir bag does not become over distended by excessive flow of oxygen causing escape through the pressure relief valve. Instead, the oxygen flow rate is titrated to match the rate of utilisation so that over distension does not occur. Second, the inspired oxygen concentration is maximised during periods of hyperventilation, for instance during pre-oxygenation 10 . Third, the requirement for storage space within the container is reduced. 
The Diamedica vaporiser
The Diamedica vaporiser is a low resistance vaporiser that has recently been introduced as an alternative to the Oxford Miniature Vaporizer 11 . It can be used for both draw-over and continuous flow anaesthesia. It has a larger reservoir than the Oxford Miniature Vaporizer (150 ml), greater consistency of output and is accurate over a wide range of temperatures.
The vaporiser is designed to be used with either halothane or isoflurane (in case of supply problems with one or other agent). The scale is calibrated up to 5% so that gaseous induction is readily achievable. A single Diamedica vaporiser can be used in place of the two Oxford Miniature Vaporizers used in the Tri-service apparatus. The Diamedica vaporiser has a low centre of gravity and is completely stable when screwed into position in the container (Figure 3 ).
The self-inflating bag
A 2-litre self-inflating bag is used for controlled or assisted ventilation. It is attached to the inspiratory tubing at a point close to the exit port of the vaporiser, from which it is separated by a unidirectional valve. A smaller self-inflating bag is also supplied for use in paediatric patients.
The flow meter.
A regulator/flow meter with a pin index or bullnose connection is supplied for attachment to an oxygen cylinder. This has advantages over a vertical flow meter in that it is accurate in any position and is easier to read. The oxygen flow rate can be set from 0.5 to 15 litres.minute -1 enabling the breathing system to be rapidly flushed with oxygen in an emergency. A connecting tube is supplied to link the cylinder to the reservoir.
The non re-breathing valve
This is an essential component of the draw-over system. The function of the valve is to ensure that inspiration is solely from the anaesthetic machine and that expiration is solely to the atmosphere. It must be placed as near to the patient as possible in order to minimise the deadspace. A Laerdal valve is supplied with the DPA 01, although other makes of non-rebreathing valve, such as the Ambu valve, are also suitable.
USE IN PAEDIATRIC PATIENTS
Draw-over anaesthesia can be used safely in children during either spontaneous or controlled ventilation, but some anaesthetists prefer the continuous flow mode, particularly for gaseous induction in small infants. A Mapleson F (Jackson Rees modification of the Ayres T-piece) is supplied with the DPA 01. This can be attached directly to the outflow port of the vaporiser in place of the draw-over breathing system.
ASSEMBLY OF THE PORTABLE GLOSTAVENT
The container for the portable Glostavent opens like a conventional suitcase. The components are readily identifiable and can be rapidly assembled onto the base of the container. The vaporiser is first removed from its transport position and placed on the left hand side of the base on the rigid wire mesh stand provided. It is fixed into position by means of a screw into the back of the vaporiser. The reservoir unit and its attachments are inserted into the entry port of the vaporiser and is rotated so that the metal oxygen inlet port is directed backwards. A one-way valve is then inserted into the exit port of the vaporiser and the self-inflating bag is attached. The corrugated inspiratory tubing is inserted into the other side of the self-inflating bag and anchored to the base of the container to provide stability.
The Laerdal valve is connected to the distal length of the inspiratory tubing and the circuit is then ready for use. The portable Glostavent can be assembled in less than two minutes.
DISCUSSION
The Glostavent anaesthetic machine has gradually evolved into its present form over a period of 15 years as a result of suggestions from anaesthetists with considerable experience of using it in difficult situations in the developing world. It has been continually modified to the point where it is now widely accepted for use, both as an anaesthetic machine in the operating room and as a ventilator in the recovery or intensive care unit 12 .
Recent feedback from users has indicated the need for a modified Glostavent that would be adequate for use in small rural hospitals where draw-over anaesthesia is the norm but for which replacement equipment is difficult to obtain, or would be readily portable for outreach work and in situations where there are no other facilities.
One of the dangers of administering inhalational anaesthesia using portable equipment is that the vaporiser may overturn, allowing liquid anaesthetic agent to enter the breathing circuit. Various attempts have been made to prevent this, including the introduction of rotating flaps at the base of the vaporiser to add stability, and the use of a heavy metal plate to which the vaporiser is attached [13] [14] . This problem has been overcome in the portable Glostavent by placing the vaporiser on a rigid stand which is attached to the outer container, and then fixing it in position with a screw so that no movement is possible.
Another concern for those administering anaesthesia in isolated environments is the difficulty in obtaining pressurised oxygen supplies. Oxygen cylinders are both heavy and bulky, and transport over long distances by road is expensive and may not be reliable. In these circumstances, the utilisation of cylinders must be kept to a minimum. Furthermore, there must be contingency plans in place in case of a complete cessation of oxygen cylinder supply. The portable Glostavent is well suited to this scenario since it does not require a source of compressed gas to function, and may be used with cylinder oxygen or with an oxygen concentrator or even room air. It is designed to facilitate the conservation of oxygen when oxygen cylinders are in use. The design of the modified reservoir has made it possible for wastage of oxygen to be minimised and thereby to reduce the flow rate required to provide a given inspired oxygen concentration. For example, a patient with a minute volume of 5 litres will have an FiO 2 of approximately 36% when there is a flow of supplementary oxygen of just 1 litre.minute -1 10 . At this rate of utilisation, a single E size oxygen cylinder containing 680 litres would be expected to last for more than 11 hours.
When anaesthetising children, still further economy is possible if the draw-over breathing system, with its non re-breathing valve, is used in place of the Mapleson F system in which a fresh gas flow of two to three times the patient's minute volume is required. This has been shown to be satisfactory in children down to a weight of 10 kg 15 .
The reduction of oxygen used is accompanied by a corresponding reduction in the amount of volatile agent vaporised.
In the event of the oxygen supply failing completely, inhalational anaesthesia can be administered using atmospheric air as the carrier gas. In this situation, assisted or controlled ventilation is easily instituted to counter the effects of any respiratory depression.
In situations where sophisticated electronic monitors are absent or cannot be calibrated accurately, the simplicity of the draw-over design is an important feature for patient safety. For example, the concentration of the volatile agent inspired by the patient in draw-over mode is the same as the concentration delivered by the vaporiser. This is in contrast to the situation seen when using the circle system, where the inspired concentration may rise in the closed system at low flows and should therefore be measured. Similarly, the concentration of expired carbon dioxide is determined by the patient's respiratory efforts which can be observed clinically. The end-tidal carbon dioxide is not influenced by additional factors such as the condition of the soda lime or the adequacy of fresh gas flow rates as it is with other breathing systems 16 . Finally, the DPA 01 is designed to be used without nitrous oxide. Atmospheric air is used as the carrier gas to which supplementary oxygen is then added: administration of a hypoxic mixture is impossible. In our opinion therefore, careful clinical observation of a patient anaesthetised using a simple draw-over system is likely to be at least as safe as the use of a more complicated system that requires monitors, which may be inaccurate or nonexistent.
In disaster and military situations, inhalational anaesthesia should be delivered using an anaesthetic machine which has been specifically designed for the environment. Such a machine should be readily portable, easy to understand and operate, contain few parts that could malfunction, and require minimal maintenance. It should be suitable for use with any size of patient, whether requiring controlled or spontaneous respiration, and should be able to deliver sufficient concentrations of volatile agent to facilitate inhalational induction when required. In case of supply problems it should be able to deliver more than one volatile agent and to do so predictably over a wide range of temperature and without dependence on sophisticated electronic monitoring. It should be economical in the use of oxygen, but be able to deliver high concentrations when required in an emergency. Finally, it should be able to deliver anaesthesia safely in the complete absence of an oxygen supply or electricity (or both).
The portable Glostavent fulfils all these requirements. It is inexpensive to purchase and to operate, and is versatile and reliable. It is recommended for use in adverse conditions as a worthy successor to the Tri-service apparatus.
